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Beta-mannosidosis in Salers calves is a recently recognized inherited autosomal recessive storage disease with many clinical and histopathologic features in common with those of caprine @-mannosidosis.' Clinical, neuropathologic and biochemical aspects of the disease have been d e s~r i b e d .~.~J~ Oligosaccharides (Man@ 1-4 GlcNAc and Man@ 1 -4GlcNAcB 1 -4GlcNAc) accumulate in neurons, glia, choroid plexus, and ependymal epithelial cells and in kidney, thyroid, spleen, liver, and lymph In accessions received in 1992 at the Wyoming State Veterinary Laboratory (WSVL, Laramie, WY), @-mannosidosis in the Salers breed was the most common histologically confirmed cause of fatal inherited disease in newborn calves.
The heat shock (cell stress) protein ubiquitin is involved in the rapid degradation ofabnormal and short-lived proteins via an extralysosomal pathway.' Proteins of the heat shock family of proteins are highly conserved in eukaryotic cells and play a protective role when cells are stressed by heat, ischemia, viral infections, or exposure to heavy metals.* Its name notwithstanding, ubiquitin is a helpful morphologic marker in some but not all human chronic neurodegenerative disease such as diffuse Lewy body disease and Alzheimer's disease.l The presence of ubiquitin in the brains of calves with @-mannosidosis has not been examined. This report documents the presence of ubiquitinated inclusions in this disease, associated with axonal spheroids and some vacuolated neurons.
Between 1990 0 All three calves had no evidence of infection with bovine viral diarrhea virus (BVDV), bovine herpesvirus 1 (BHV-l), or Chlamydia on fluorescent antibody tests and attempted virus isolation.
[NVSL], Ames, IA). Virus isolation for BVDV was attempted on tissues from one Salers calf (No. 2). Three late-term or neonatal calves were used as a source of control tissues (calf Nos. 6-8; Table I ). All three calves were dead when submitted and were examined according to a standard WSVL protocol for attempted diagnosis of causes of bovine abortion-perinatal weakness. Brain and samples of lung, kidney, liver, spleen, thymus, and heart were fixed in formalin and processed for HE-stained sections. Frozen sections of unfixed tissue were stained directly with FA conjugates for BVDV, Chlamydia psittaci, and bovine herpesvirus 1 (NVSL, Ames, IA). Chlamydia1 isolation was attempted using one pass on McCoy cells (American Type Culture Collection, Rockville, MD). Viral isolation was attempted on tissues from four calves (Nos. 2,6-8) using three passes on primary fetal bovine cells from testicle or spleen. Routine aerobic bacteriologic examination was performed on abomasal contents and on multiple tissues from calf Nos.
Selected paraffin blocks of formalin-fixed brain (cerebellum, medulla oblongata, or both), which had been stored for up to 2 years, were cut at 5 pm, adhered to slides with 3-aminopropyltriethoxy silane, and incubated with monoclonal antibodies specific for conjugated ubiquitin (MAb 4-3H8 and MAb 4-2D8; Dr. V. Fried, New York Medical College, Valhalla, NY). The original immunogen was ubiquitin conjugated by glutaraldehyde to lapine-origin serum albumen.12 These antibodies are directed against epitopes located between residues 34 and 54 of ubiquitin and have 6-8. been used to detect ubiquitin immunoreactive deposits in chemically fixed central nervous system tissues from Alzheimer's disease patients12 and motor neuron degeneration (Mnd) mice.9 All staining was done, with one modification, using the avidin biotin peroxidase complex method) and the Vectastain kit according to the manufacturer's instructions (Vector Laboratories, Burlingame, CA). The modification involved antigen retrieval by heat treatment of sections for 10 minutes in three changes ofdeionized water, heated five times to 100 C, following the protease digestion step.') Sections were incubated with diluted monoclonal antibody (1 : 40, MAb 4-2D8; 1 : 10, MAb 4-3H8) for 60 minutes at room temperature. Following secondary incubations, sections incubated with DAB (3, 3'-diaminobenzidine tetrachloride/ nickel chloride) (Zymed Laboratories, San Francisco, CA) and stained with Mayer's hematoxylin. Positive control sections comprised sections of human brain with neurofibrillary tangles and senile plaques of Alzheimer's disease" (Dr. B. De Masters, University of Colorado, Denver, CO). Negative control sections were of brain from the three calves (Nos. 6-8) that died perinatally without evidence of cerebral pathology, including P-mannosidosis and congenital bovine viral diarrhea virus infection ( Table 1 ). The specificity of staining was confirmed by omission of primary sera from each test and control section and by use of an irrelevant monoclonal primary antibody. Tissue sections were photographed using differential interference contrast.
The Salers calves had domed calvaria, prognathia, narrow palpebral fissures, dilated lateral ventricles, pale cerebral and cerebellar subcortical white matter, and renomegaly. In HEstained sections of brain, there was widespread fine to coarse intracytoplasmic vacuolation of neurons, macroglia, and choroid plexus epithelium. Axonal spheroids (5-25 ym, exceptionally 75 ym) were present, in descending frequency, in cerebellar white matter dorsal to the fourth ventricle, white matter of cerebellar folia, medulla oblongata, thalamus, and midbrain. Larger spheroids had evidence of internal structure with a more eosinophilic, granular periphery (Fig. 1) . In two calves (Nos. 1, 2) , there was marked paucity of myelin (hy-pornye1ination)'O in subcortical and cerebellar folial white stained with LFB. In all five Salers calves, there was marked diffuse loss of eosinophilia in HE-stained sections, which was interpreted as hypomyelination, in cerebellar and cerebral hemispheres, including corpus callosum and internal capsule. In these areas, cells with typical nuclear features of oligodendroglia were largely replaced by unidentified glial cells with large vesicular nuclei. Perivascular mineralized concretions were present in cerebellum (2/5) (calf Nos. 2, 5), thalamus (2/5) (calf Nos. 2, 5), and globus pallidus (1/5). Small perivascular ring hemorrhages were widespread in the white matter of one calf (No. 1) . The Salers calf that survived the longest (1 7 days; No. 4) had widespread loss of Purkinje cells with gliosis throughout the molecular layer. Extraneural lesions consisted of cytoplasmic vacuolation of nephric tubular epithelium, reticuloendothelial cells in spleen and lymph node, and neurons of myenteric plexuses in large and small bowel. One calf (No. 3) had extensive acute multifocal hepatic necrosis.
Ubiquitin immunoreactivity was detected in axonal spheroids and neuronal cell bodies and processes in sections of brain from five affected calves and were absent from those of the three control calves ( Table 1) . In larger spheroids (> 15 ym), ubiquitin immunoreactivity was concentrated at the periphery (Fig. 2) . Ubiquitin immunoreactivity was also present in the somata of some but not all vacuolated neurons, particularly Purkinje cells and large neurons of nuclei in the medulla oblongata and in cerebellar nuclei. Staining of perikarya varied from lightly stained small discrete aggregates to intense staining that obscured cytologic detail (Fig. 3) . Ubiquitin immunoreactivity was evident as small rings on the margins of intracytoplasmic vacuoles. Nuclei were also immunoreactive (Fig. 4) . In one calf (No. 5), some Purkinje cell dendrites and proximal axonal segments also contained ubiquitin-immunoreactive material. Typical ubiquitin-immunoreactive senile plaques and neurofibrillary tangles were present in sections ofthe positive control Alzheimer's disease brain.
Two of four Salers calves were positive for BVDV on FA examination (Table 1 ). In one of the two BVDV antigenpositive calves (No. 3) , the weak and widely scattered fluorescence in lung and the absence of specific fluorescence in spleen and lymph node were interpreted as indicating recent postnatal exposure to BVDV. No bacteriologic isolates were obtained from the two Salers calves examined. Hepatic vitamin A in one Salers calf was in the normal range.
There were no histopathologic lesions and no evidence of infectious agents in calf Nos. 6-8 (controls) .
Histopathologic lesions in the five Salers calves with P-mannosidosis were remarkably uniform and resembled those in published descriptions of this disease.IJO Mineralized concretions, present in two calves, have not been described in @-mannosidosis of Salers calves but do occur in similar perivascular locations in cerebellum and globus pallidus of human beings and goats with P-manno~idosis.~ Gliosis and loss of Purkinje cells in the cerebellum of one affected calf may reflect that calfs unusually long survival time (1 7 days). Most affected Salers calves die in the first 7 days of postnatal life.'
The detection of ubiquitin in brains of calves with P-mannosidosis is not surprising given its presence in a growing salmagundi of chronic neurodegenerative disorders in animals' and human being^.^.^.'
Ubiquitin immunocytochemistry has been particularly useful in demonstrating intracytoplasmic inclusions, which are difficult to demonstrate by conventional chemical
There are no reports of ubiquitin detection in the central nervous system of animals with inherited or acquired lysosomal storage diseases. The occurrence of ubiquitin in axonal spheroids suggests that there is active degradation of short-lived proteins at these sites. Ubiquitin immunoreactivity at the margins of intracytoplasmic vacuoles in neurons indicates that ubiquitin is probably present at the periphery of enlarged lysosomes, although ultrastructural immunocytochemistry~4 is required to confirm this suggestion. One of ubiquitin's major functions involves conjugation to protein for rapid degradation via a nonlysosomal ATP-dependent pathway.8 A recent report proposed that intralysosomal ubiquitin occurs in neurons in scrapie-infected murine brain and in Alzheimer's disease.* Cocker S~a n i e l , )~~ Labrador Ret r i e v e~,~.~ Golden R e t r i e~e r ,~.~ Great and Border Collie.) Cerebellar abiotrophy is characterized by signs of progressive cerebellar disease and premature degeneration of cerebellar neurons. In some cases of cerebellar abiotrophy, a genetic basis has been d o~u m e n t e d . ' .~.~.~J~J~ In the majority of cases, the predominant microscopic lesion involves loss or degeneration of Purkinje cells. Variable and less severe lesions occasionally occur in the granular layer, molecular layer or extrapyramidal neurons. This report documents an unusual case in a Brittany of cerebellar abiotrophy characterized by a marked paucity of granular neurons, a decreased width of the molecular and granular layers, and normal numbers of Purkinje cells.
A 3-year-old intact male Brittany was referred to the Washington State University Veterinary Teaching Hospital for ataxia and head tremors that had progressed over the previous 6 months. Physical examination revealed ataxia and an abnormal gait characterized by forelimb hypermetria and bilateral symmetric hopping ("bunny hopping") of the pelvic limbs. Neurologic examination revealed truncal ataxia and intention tremors. Results from a complete blood count and biochemical profile were normal. Based on the progressive Fig. 1. Brain; affected Brittany. Notice the small size of the cerebellum. Bar = 1 cm.
